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NATIONALADVISORYCOMMITTEEFORAERONAUTICS

. RESEARCHMEMORANDUM

FLIGHTINWZSTIGATIONOFTHEDRAGOFROUND-NOSEDBODIES

OFREVOLUTIONAT MACHNUMBERSFROM0.6TO1.5

USINGROCKET-PROPELLEDTESTVEHICLES

By RogerG.Hart

suMMARY

Valuesof totaldragcoefficientweremeasuredforfourround-
nosedbodiesof revolutioninfreeflightatMachnumbersfrom0.6 to
1.5andReynoldsnumbersfrom10X 106 to 50 X 106. Thebodieswere
designedby roundingoffthesharp,fineness-ratio-3.56noseofa
previouslytestedconfiguration.Thenoseradiitestedwere27.4,38.7,
80.6, and100percentof themaximumbodyradiusandcorrespondedto
valuesof0.075,0.150,0.650, and1.000,respectively,fortheratio
ofnose-spherefrontalareatobodyfrontalarea.

Thebodyhavingleastbluntnessdidnotdifferappreciablyindrag
fromthepointed-nosedbody. Theothersshowedmarkedincreasesin
supersonicdrsgwithincreasingbluntness.

INTRODUCTION

TheNationalAdvisoryCommitteeforAeronauticsisatpresent
conductingan investigationto determinethedragofpracticalfuselage
shapesat transonicandsupersonicspeeds.Onephaseof thisprogram
isconcernedwiththeeffectsofnoseshapeon thedragof an airplane
ormissileconfiguration.It isofparticularinterestto titermine
thedragpenaltiesassociatedwithnosebluntness,sincebluntnosesare
desirablefromthestandpointofvisibilityandprovidepractical
locationsforradarandotherseekerdevices.

Testshavebeenmadetodeterminethedragchangesduetorounding
offthenoseofa bodyofrevolutionto variousradii.In reference1
itwasshownthata moderatedegreeofbluntnessmayhaveno appreciable
effecton thedrag. In thepresentpaperresultsaregivenfornoses
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havinggreaterdegreesofbluntness.Theteptswe,rec~ndu~tedat the___ _ .<
PilotlessAircraftResearchStstion,Wallop~Island,Vs.,withtheuse --.–
ofrocket-propelledmodels.

—
Datawereobta+edatMachnumbersfrom . _ ._.+----

0.6to1.5andReynoldsnumbersfrom10X 106

MODELSANDTESTS:

—
to 50 X“106. —-.—-- .-

—.—

ThegeneralarrangementofthetestconfigurationsisshownIn
figure1,andphotographsof thetestvehiclesareshowninfigure2.

Allbodieswereadaptedfromtheparabolicconfigurationof 9
reference1,whichwasa fin-stabilizedbod”y”ofrevolutionhavinga
finenessratioof8.91andthemaximumdiameterlocatedat 40percent
‘ofthebodylength.Thebluptnosesweredepignedby replacingthe
originalnosepointwithsphericalsegmentspf rad,ius>O.27h,0.387,
0.806,and1.000timesthemaximumbodyradius.Thes=radiicorrespond
to sphereshavingfrontalareas0.075,0.150,0.650,and1.000times
thatof thebody. In eachcsse,thesphericalsegmen~andtheunmodi—_
fiedportionofthenoseweretangentat thestationmere theymet,
andtheprofileslopewascontinuous.Afto:this,st~t.ion,eachcon-.
figurationwasidenticaltothereferenceconfiguration.

Forallmodelsthefrontalareawas0.307square=oot,thebase-
areawss0.0586squarefoot,andtheexpose-d’fina%ea~as1.69square-
feet.Theunmodifiedbodylengthwas66.81inches.In table1,values
ofbodyradiusarelistedfora numberoflengthwisestations.Each
modelwasstabilizedby three45°sweptback”finssol~*c”atedthat’”th”e‘_
trailingedgesintersectedthebodyata positioncorrespondingto
station60.5ontheunmodifiedbody. Measuredinthe~streamwisedirec-
tion,thechordwas9 inchesandthethicknessratiowas0.0278.
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Thefuselageswereofwood,sandedandfinished~lthclearlacquer
—

toforma smoothandfairsurface.Thefinswereofpolishedduralumin.

Eachmodelemployeda two-stegepropulsionsystemconsistingof a
3.25-inchMK-7aircraftrocketmotoras thesustaiper._.@itanda 5-inch
HVARmotoras theboosterunit.The boosterwasstabilizedby fourfins
andengagedthesustainermotorby meansofa nozzie-~iuga~pter&ri;~
thefirstportionof theflight.Shortlyaftertheboosterstopped
thrustingthemodelandboosterseparatedbecauseof differences,in__
theirdragdecelerationrates.Thenthesustainermotorfired,bringing
themodelto itsmaximumspeed.Thehag datawereobminedduringthe
periodof coastingflightfollowingsustainerbum,out..TheReynolds
numbersencounteredduringthisperiodareplottedagaJnstMachnumber
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infigure3. Theflighttestscovereda rangeofbody-lengthReynolds

numbersfrom10x 106to 50x 106andMachnumbersfrom0.6to 1.5.

Thedatawereobtainedandreducedby themethodsdescribedin
reference2. TheinstrumentationconsistedofDopplerradar,3X-584
radartheodolite,andradiosonde.Dragcoefficientshavebeenbased
onbodyfrontalareaandeachrepresentsthetotaldragof the
configuration.

Themethodsbywhichthepresentdatawerereducedw&e suchas
to introduceno errorslargerthanthescatterinthedatapointsfor
sm individualmodelor thediscrepanciesamongthefairedcurvesfor
modelsof thesameconfiguration.Thereliabilityof thedatapresented
infigure4 canbestbe .judgedbynotingthescatterinthepointsfor
eachof
thetwo

themodelsandthesmalldifferencesintrendof the-datafor
modelsof thep~abolicreferenceconfiguration.

.

RESULTS

Thetestresultsareshowninfigure4 wheretotaltiagcoefficient
basedonbodyfrontalareaisplottedagainstMachnumberforeachof
theconfigurationstested.Dataforthemodelhatinga nose-radiusratio
(ratioofnoseradiustomaximumbodyradius)of 0.274andforthe
pointed-nosedmodelswereobtainedfromreference1. At Machntibers
greaterthan1,thedragincreasedmarkedlywithbluntnessforallthe
round-nosedbodieswiththeexceptionof theconfigurationhavingleast
bluntness.Thatbody,asnotedinreference1, didnotdifferappreci-
ablyindragfromthepointed-nosedbody. At Machnumbersjustbelow
oneallof thebodiesshoweddragrisescorrespondingto theforce-break
ofthepointed-nosedbody. Theround-nosedbodiesshowedan additional
dragriseat lowerspeeds.Thiseffectwasmostpronouncedforthe
bluntestbodyandwasevidentatMachnumbersas lowas0.8. me trends
of thesubsonicdatasuggestthatnosebluntnesshadlittleorno effect
on thedragof theconfigurationat lowerspeeds.

CONCLUDINGREMARKS

Testshavebeenconductedtodeterminethedragchangesdueto
roundingoffthenoseof a parabolicbodyof revolutionto fourdifferent
radii.Thesupersonicdragwasnotchangedappreciablyby roundingoff
thenosetoa radius0.274timesthemaximumbodyradius,but wasfound
to increasemarkedlyasthenoseradiuswasincreasedfromthatvalue.
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Moregeneralconclusionsregardingthedrag_ofbl~t bodieswillbe.
possibleonlywhenresultsareavailableforotherbasicbodiesand
othertypesofbluntness.

LangleyAeronauticalLaboratory .-—.
NationalAdvisoryCommitteeforAeronautics — ““

LangleyField,Va. —
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TABLEI
.

POINTED-NOSEDBODYCOORDINA!N?SIN INCHES

●

✎

Station Radius

o 0
2 .54

1.04
: 1.50
8 1.91
10 2.28
12 2.61
14 2.90
16 3.15
~8 3.35
20 3.51
22 3.63
24 3.71
27 3.75

3.74
% 3.70
36 3.64
38 3.58
40 3.52

3.44
E 3.36
47 3.21

3.04
?3 2.84
56 2.62 .
58 2.47
60 2.30
62 2.12
64 1.93
66.81 1.64
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Figure l.- General view of test configurations. Dimensionsare in inches. 2
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~oaeradlua 0.274 (reference1)”
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(d)
~0f3eradius . 1.000.
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Figure 4.-~g coefficientbaBed on body frontal area CD plotted
against Mach number M for the present configurationsand for the
parabolic bodies of reference 1.
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